
Europaisches Patentamt 
® /)))) European Patent Office 

0 Publication number: 0 338 1 1 7 Bl 



Office europeen des brevets 



® EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification: 2ai2.94 © Int. CI A B21J 15/10, B21J 15/28, 
^ B25J 9/00 

Q) Application number: 88112948.0 
© Date of filing: 09.08.88 



© Improved riveting process and apparatus. 



m 



oo 

CO 

to 



© Priority: 19.04.88 US 183697 

© Date of publication of application: 
25.10.89 Bulletin 89/43 

© Publication of the grant of the patent: 
28.12.94 Bulletin 94/52 

© Designated Contracting States: 
BE CH DE ES FR IT LI NL SE 

© References cited: 
EP-A-0 159 269 
WO-A-88/02673 
DE-C- 3 535 761 
GB-A-2 148 170 
US A- 3 890 552 



© Proprietor: AEROFLEX TECHNOLOGIES, INC. 
2112 12th Street 
Rockford, Illinois 61104 (US) 



© 



Inventor: Bonomi, Giovanni Battista 

1444 Busse Road Apt 1K 

ML Prospect Illinois 60056 (US) 

Inventor: Giacomini, Luigi 

1560 Dempster Road 

ML Prospect Illinois 60056 (US) 

Inventor: Bonomi, Cristiano 

1263 A Rand Road 

Des Piaines Illinois 60016 (US) 

Inventor Aresa, Carmine 

1263 A Rand Road 

Des Piaines Illinois 60016 (US) 

Inventor: Frigo, Valerio 

1263 A Rand Road 

Des Piaines Illinois 60016 (US) 



© Representative: Madgwick, Paul Roland et al 
Ladas & Parry 
Altheimer Eck 2 
D-80331 Miinchen (DE) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 

13. ro/3.09/3.3.3> 



1 



EP 0 338 117 B1 



2 



Description 

This invention relates generally to the fastening 
art and more particularly to an improved process 
and apparatus for automating the assembly of 
structural components by means of rivets or similar 
fasteners. 

Background 

While the hereinafter disclosed invention has 
special application to the aeronautics industry in 
which large skin panels, frequently of compound 
curvature, as well as supporting structural assem- 
blies and components are integrated by riveting, 
the teachings herein are equally applicable to other 
industrial environments. 

The normal procedure for installing a rivet ba- 
sically involves the distinct operations of hole prep- 
aration, rivet insertion and rivet upsetting. In gen- 
eral, all three such operational events are carried 
out and completed in series sequence at each rivet 
location. 

In earlier times a blacksmith carried out these 
steps by hand, utilizing a hammer, piercing tools 
and an anvil, rivet by rivet. 

By later practice the components to be assem- 
bled were held in fixed position and manually op- 
erated power tools, such as electrical or air power- 
ed drills and riveting guns, were employed to effect 
the necessary riveting procedures, again rivet by 
rivet. 

More recently, heavy, stationary, semi-automat- 
ic riveting machines have been developed to per- 
form these operations with the work pieces being 
moved relative to the machine; the latter generally 
having a C-frame supporting the working tools and 
the work pieces being moved into the open throat 
of the C-frame. Again, the riveting procedure is 
accomplished rivet by rivet. 

Under the latest technology, remotely con- 
trolled high-speed mobile machine centers or "ro- 
bots", capable of presenting one or more drive 
spindles in selected spacial positions and adapted 
to drive a variety of machine tool attachments have 
gained industrial popularity. To date, however, the 
use of such robots for riveting procedures has 
been largely experimental and limited to situations 
where a single robot having multiple drive spindles 
is used to interconnect support components or 
frame members of a fixture held wing assembly for 
instance, using blind rivet fasteners. In operation, 
the robot completes the entire riveting procedure, 
i.e., hole preparation, rivet insertion and fastening 
in series, at each rivet location, before proceeding 
to the next riveting point. 

The above briefly described state of the art 
leaves much to be desired. In those instances 



where the work pieces are moved relative to a 
stationary riveting machine, maneuvering and posi- 
tioning of heavy or bulky assembly components is 
slow and difficult with the size and/or shape of the 
5 parts being limited by the dimensions, particularly 
the throat capacity, of the riveting machine. In the 
reverse condition, where the work pieces are held 
stationary in a fixture and the work tools moved 
relative thereto, as in the case of the described 
w roboticly controlled tools, serious problems are en- 
countered in accurately positioning and reposition- 
ing the tools accompanied by a propensity for 
deforming and overstressing the assembled parts, 
resulting in inconsistent and dimensionally inac- 
75 curate end assemblies. 

DE-C-3 535 761 shows an apparatus in which 
the fixture held work parts are moved relative to 
tool heads. The wing sections or work pieces are 
carried in a fixture frame which is movable back 

20 and forth in the X direction between rivet tool 
systems which are carried on vertical guide rails so 
that the rivet tool systems move vertically in a Y 
direction on the guides, the latter of which are 
moved in a Z direction toward and away from the 

25 movable fixture held work piece. The tool carrying 
heads of the rivet tool systems are tiltable about a 
single horizontal axis through angle a. The tool 
heads work in a single vertical plane and while 
adapted to adjustment through the angle a to ac- 

30 comodate uniformly curved work parts, such tool 
heads do not accommodate compound curvatures 
of any type in that they are not capable of being 
moved about a secondary rotatable axis in accor- 
dance with applicants' teachings. Further it will be 

35 recognized that this prior system is a "series" 
riveting system, i.e. the hole preparation, formation, 
rivet insertion and upsetting takes place in series at 
each specified rivet hole location after which the 
rivet tooling is moved to the next location and the 

40 entire series again repeated. 

Brief_ summary of the invention 

In recognition of the above and other shor- 
45 tcomings of previous technologies for assembling 
components into a unified structure by the use of 
rivets and like fasteners, this invention provides an 
innovative and improved procedure or method and 
apparatus for producing consistently accurate, riv- 
50 eted assemblies. 

In brief, this invention preferably is carried out 
in an assembly cell environment utilizing a pair of 
synchronized computer controlled robotic machin- 
ing centers capable of automatically working and 
55 operating in mirror relationship on opposite sides of 
fixture held components to be assembled; the com- 
puters working the robots in accordance with mem- 
ory banked design data for the complete assembly. 
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Preliminary to the assembly operation an in- 
spection cycle is performed by robot mounted 
probes whereby a robot is capable of checking all 
of the fixture and individual components to be 
assembled to determine if such items are correctly 
positioned and dimensioned- To that end the fixture 
has designated reference points which permit pre- 
cise positioning of the individual components. Once 
the inspection cycle has been performed and posi- 
tioning of parts verified, the assembly cycle is 
begun which comprises a drilling or hole forming 
and preparation cycle followed by a rivet installa- 
tion cycle. 

Unlike the prevalent practice of the heretofore 
known technology, the hole preparation and riveting 
cycles, in accordance with this invention, are con- 
ducted in parallel as opposed to the currently em- 
ployed series operation. That is to say, instead of 
successively preparing a hole, inserting and upset- 
ting a rivet at each hole location in accordance with 
the currently practiced "series" procedure, the 
present invention separates the hole preparation 
and the riveting cycles so that all the holes are 
initially prepared followed by subsequent installa- 
tion of the rivets one by one in the previously 
prepared holes. 

The hole preparation cycle preferably utilizes 
the rotatabte spindle of the machining center or 
robotic ly controlled tool head for rotatably driving 
drills, reamers, deburring tools and the like which 
are automatically selected and attached to the ro- 
bot head from a machine tool center in accordance 
with a preselected and predetermined computer 
program. The hole drilling and preparation cycle is 
carried out by two robots working in mirror relation- 
ship on opposite sides of the assembly parts, utiliz- 
ing end effectors and tools which are capable of 
clamping the assembly parts together, particularly 
adjacent the area in which the hole is to be formed 
without, however, creating undesired thrusts on the 
supporting fixtures or overloading or stressing of 
the assembly components. This clamping function 
importantly eliminates the formation or deposit of 
chips between the parts and prevents structural 
deformations. 

Upon completion of the drilling cycle, the ro- 
bots automatically deposit reload specific tools and 
end effectors required in accordance with the par- 
ticulars and characteristics of the rivet or fastener 
to be used. Due to the unique characteristics of the 
fixed support of the components in the fixture, the 
robots are importantly capable of finding the posi- 
tions of the previously drilled holes with great accu- 
racy in order to install the rivets therein. Again 
during the riveting procedure, the parts are 
clamped together under pressure from opposing 
end effectors in a manner which avoids the applica- 
tion of excessive force to the component parts and 



fixture. 

A principal object of this invention is to provide 
a new and improved mechanized process and ap- 
paratus for interconnecting components of an as- 
5 sembly by means of rivets or similar fastening 
means. 

In particular, the invention provides an appara- 
tus for automatically interconnecting components of 
an assembly by means of selected rivet fasteners, 
/o comprising: 

a pair of mobile, high speed, remotely-con- 
trolled, synchronized, automatic machining centers 
or robots having tool heads operable for movement 
along three linear and about at least two rotational 
is axes whereby said heads are capable of selected 
spacial positioning; 

each robot comprising a base supported for 
movement along a horizontal X-axis, a vertical col- 
umn supported by said base and rotatable about a 
20 vertical Y-axis, a horizontal ram supported on said 
column for movement along the latter's vertical axis 
and along its own horizontal Z-axis, a biaxially 
rotatble head at the outer end of said ram, and a 
rotatably driven tool driving spindle carried by said 
25 head and independently movable relative to said, 
head along a linear axis; 

fixture means for rigidly holding components to 
be assembled in stationary position between said 
robots whereby the heads of the latter are movable 
30 to any selected location on opposite sides of said 
components; 

clamping means carried by said tool heads for 
clamping said components together with predeter- 
mined force selected to control and neutralize 
35 stress forces on said fixture means and compo- 
nents; said clamping means being selectively ac- 
tivated at predetermined locations on said compo- 
nents where holes are to be formed and fasteners 
installed therein; 
40 tool means selectively attachable and driven 

by said tool heads for forming and preparing fas- 
tener holes through said components at said loca- 
tions; 

means for supplying at least one of said robots 
45 with selected fasteners; 

additional tool means selectively attachable to 
and driven by said tool heads for receiving and 
installing said fasteners in said holes, and 

computer means for controlling and managing 
50 coordinated operation of said robots in accordance 
with a predetermined program and assembly ge- 
ometry whereby to cause the heads thereof to 
move over opposite sides of said components and 
carry out hole preparation and installation of said 
55 fasteners. 
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IN THE DRAWINGS: 

Figure 1 is a schematic representation of a work 
cell and robot machine centers used in a pre- 
ferred embodiment; 5 
Figure 2 is a schematic illustration of the work 
cell of Figure 1 and related computer controls 
therefor; 

Figure 3 is a partial elevation, with portions in 
cross section of a drilling end effector and asso- w 
ciated robot conditioned to preform a hold drill- 
ing operation; 

Figure 3A is a schematic representation of the 
drilling tool and holder used in the end effector 
of Figure 3; 75 
Figure 4 is a partial elevation, similar to Figure 
3, illustrating the completion of the hole drilling 
operation; 

Figures 5-8 are schematic views showing the 
operational sequence of a hole drilling cycle; 20 
Figure 9 is a partial elevation, with parts in 
section, of a clamp-up and deburring end effec- 
tor and associated robot; 

Figures 10, 11 and 12 are partial elevations 
schematically showing the clamp-up and debur- 25 
ring operation of the end effector shown in Fig- 
ure 9; 

Figure 13 is a partial elevation, with portions in 
section and broken away, of a riveting end ef- 
fector and robot conditioned for clamp-up opera- 30 
tion; 

Figure 14 is a partial elevation, similar to Figure 
13, showing the end effector thereof in clamp-up 
position; 

Figure 15 is a partial elevation with portions in 35 
section of a bucking bar end effector and asso- 
ciated robot in pre clamp-up position; 
Figure 16 is a partial elevation showing the end 
effector of Figure 15 in a clamp-up position; 
Figures 17-24 are partial elevations illustrating a 40 
complete riveting cycle of operation for the 
roboticly operated end effectors of Figures 13 
and 15; and 

Figures 25-30 are partial elevations schemati- 
cally showing the successive step of installing a 45 
rivet. 

Description of the Preferred Embodiment 

Before entering into a detailed description of 50 
the process and apparatus technology according to 
this invention initial consideration will be given the 
general characteristics of a preferred working envi- 
ronment in which to best carry out the various 
steps of the hereinafter to be described invention. 55 

As heretofore noted, the illustrated embodiment 
of this invention is related to the production and 
assembly of components and parts utilized in the 



aircraft industry in which large, relative heavy struc- 
tures of complex shape, such as wings and fu- 
selage sections are involved. 

Work Cell 

In general, a preferred work cell environment is 
partially illustrated in Figure 1 of the drawings. As 
shown the cell comprises at least two high speed 
machining centers or "robots" designated R1 and 
R2 mounted in parallel aisles to run along elon- 
gated horizontal tracks or bedways 20, 20 in re- 
sponse to actuation of power driven rack and pin- 
ion drives. Each robot is of Cartesian structure 
having linear longitudinal, vertical and transverse X, 
Y and Z axes; the X axis being defined by the 
associated horizontal, linear bedways 20; the Y axis 
being defined by a central, vertical column 21 of 
the machine and the Z axis by a transversely 
related horizontal linear power ram 22. An articu- 
lated wrist or twist head 23 is disposed at the outer 
end of the ram 22 and comprises a pair of trans- 
verse rotary axes A and C. The column 21 is 
likewise rotatable about its vertical axis defining a 
third rotary axis B. Head 23 is equipped with an 
additional linear quill axis W capable of linear ex- 
tension and retraction of toots affixed thereto in- 
dependently of ram movements. The ram 22 is 
moveable along the Y and Z axes. 

Located intermediate the two robots R1 and R2 
is an automatic flexible or adjustable fixture (F) for 
holding the assembly parts and components, such 
as wing panels and ribs indicated generally at 25 in 
Figure 1. It will be noted that the two robots work in 
mirror relationship on opposite sides of the fixture 
held work components. Fixture F is placed parallel 
to and between the X axes of the two robots. 

The machine head 23 has a rotatable spindle 
designed for automatic tool changing via taper con- 
nections and carries various power supplies and 
specific performance features required for machine 
operations to be performed in the cell, such as 
drilling, contouring, riveting, etc. 

Each robot is equipped with a horizontal plat- 
form which holes a rivet feed station and an auto- 
matic magazine for storing various end effectors 26 
attachable to its machine tool head 23. A stationary 
rivet magazine and tool magazine are respectively 
located at ground level at the two extremes of the 
longitudinal stroke or aisles (X axis) for each robot. 
The rivet magazine refills the robot's rivet feed 
station while the tool magazine provides automatic 
tool management. Access to the tool magazine by 
each robot is effected by rotating its column about 
its vertical rotational axis (B axis) and moving the 
robot to the end of its X axis to a tool magazine 
where it may pick up and automatically change 
tools. 
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Alternatively, mobile magazines of the order 
taught in U. S. Patent No. 4,344,221 of August 17, 
1982, for instance, may be employed to resupply 
tools, and effectors and fasteners to each robot in 
accordance with the computer controlled require- 
ments for the assembly. 

As shown in Figure 2 the entire work cell is 
importantly controlled by a host computer which 
receives computer aided manufacturing (CAM) 
instructions, via direct numeric control (DNC) or 
other means as well as operator controlled instruc- 
tions which determine and/or modify the design of 
the end assembly. All output signals are sent from 
the host computer to pertinent lower level comput- 
ers. As the instructions are performed, feedback 
signals are returned by the sub-level computers to 
the host computer. 

As indicated the host computer instructs the 
tool room management computer (TRM) which 
controls the selection of tools and end effectors to 
enable the robots to find the correct tools and end 
effectors in correct pick-up positions. This com- 
puter also updates the data files for each end 
effector and tool. When mobile magazines are 
used, then the TRM computer controls their man- 
agement as well. 

Rivet feed computers, RFC1 and RFC2, control 
the rivet feed stations RFS1 and 2 respectively, 
selecting and controlling the exact type of rivet or 
fastener to be sent to the end effectors 1 and 2 
during the fastening operation. 

The continuous numeric controls (CNC 1 and 
2) for robots 1 and 2 feed appropriate signals to 
their respective robots to move the same on all 
axes whereby to position the tools and end effec- 
tors correctly inside of the work envelope. 

The end effector control computers (EEC 1 and 
2) on receipt of a "start cycle" command, manage 
the appropriate sequence of movements of robot 
operation including preparation, clamping, inserting 
and upsetting of the fasteners. 

The fixture control computer, positions all 
clamps of the fixture F according to the geometry 
of the parts to be assembled and aJso controls the 
fixture configuration to be used in the assembly. 

Robotic machine tool centers capable of carry- 
ing out the tasks requirement by this invention are 
commercially available and are typified by the high 
speed machine centers marked by JOBS, 
PIACENZA, Italy under the name Jo MACH. 

Such a machine is very versatile and highly 
accurate in positioning the working tools due to its 
rigid construction and the utilization of direct read- 
ing feedback signals to control all of its move- 
ments. Different types of spindles are available for 
machining different materials, such as low R.P.M. 
and high torque D.C. spindles for hard metals and 
high R.P.M. A.C. spindles for composite materials. 



etc. The capability of automatically changing tools 
and end effectors makes a robotic machine of this 
order convenient for automated and unmanned in- 
stallations in particular. For example, such a ma- 

5 chine is capable of drilling, counter sinking, milling, 
routing, net trimming, impacting and other machin- 
ing and measuring operations. In addition, due to 
the rigidity of the construction and stiffness of its 
movement axes, the robot is capable of handling a 

70 wide variety of end effectors including water jet 
cutters, ultrasonic knives, riveting and fastening 
heads. 

In conjunction with the aforenoted features, the 
robot is equipped with a probe which, for example, 
is "finds" the exact location of the work pieces. If this 
is different from the theoretical position, the pro- 
gram of a host computer is automatically translated 
to adjust to the new position, thereby avoiding the 
necessity of locating the work piece in a precise 
20 theoretical position. 

A part adjustment program is also available 
which makes it possible to adjust the part program 
according to the geometrical characteristics of the 
part where these differ from theoretical characteris- 
es tics. For example, if the drilling operation has to be 
done in the middle of two assigned points, the 
machine automatically probes the position of the 
two points, calculates what the position of the re- 
quired hole should be and thereafter performs the 
30 drilling operation at the new substitute position. 

Due to thermal variations in working environ- 
ment there may be dimensional variations in the 
work piece and structure of the machine. Special 
software for the robot control makes it possible to 
35 compensate for these variations by modifying the 
part program depending on the temperature vari- 
ation. When it is necessary to verify the dimen- 
sions of a work piece, the robot, via its probe 
equipment, can act as a coordinate checking in- 
40 strument. A wide variety of probes are available 
such as the Renishaw touch probe, as well as non- 
touch probes using vision or laser technology. 

Numeric control of the robots provides a "look 
ahead" feature or capability that makes is possible 
45 to adjust the feed rate of the machine spindle and 
tools making the same adaptable to complex as- 
sembly configurations. 

Before entering into a discussion of the method 
of this invention, a brief discussion of the end 
so effectors or tool heads used with the robots will be 
set forth. 

In the typical application of a robot of the order 
hereinabove described to the production of aircraft 
wing sections, for example, many different end 
55 effectors and tool packages are required. The de- 
tailed aspects of each will not be entertained here- 
in, however, the basic rudementary features of a 
drilling unit, a deburring and bucking bar unit, and 
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a riveting unit will be described. Throughout the 
description which follows, it will be understood that 
such units are related directly to the riveting pro- 
cess per se as opposed to ancillary operations 
which occur in aircraft assembly, such as cold 
working of the fastener openings or holes, dispens- 
ing of sealant between support sections and/or skin 
panels, and specific tooling variations to accom- 
modate various fasteners, such as blind fasteners, 
lock bolts, ice box rivets, slug rivets, Hl-lock fasten- 
ers and others, dictated by the design of the struc- 
ture. 

Drilling End Effector 

Turning to Figures 3 and 3A of the drawings, 
the general features of a drilling end effector 28 are 
thereat illustrated. As shown, the end effectory 
body is mounted at the outer end of the robot's 
twist head 23 and utilizes a face plate 30 for 
connection with the twist head by means of an 
automatic coupling arrangement known in the art. 
The drilling end effector preferably utilizes the ro- 
bot's spindle 31 and the robot's quill axis (W axis) 
capability for axial advancement and retraction of 
the drill, which is automatically controlled in accor- 
dance with a predetermined computer program to 
regulate the speed of rotation of the robot's spindle 
and the feed rates. 

The outer end of the effector 28 remotely of 
the interface plate 30 is distinguished by a cylin- 
drical pressure foot bush portion 32 which is uti- 
lized to engage and w clamp-up w with the work 
pieces during the drilling operation, as will appear 
in greater detail hereinafter. 

The spindle 31 of the robot is equipped with a 
drilling tool assembly 33, illustrated in particular in 
Figure 3A, comprising a tool holder 34 having a 
tapered connector 35 tnsertably coaxially into the 
robot spindle and equipped with a retention knob 
36 at its innermost end for positive coupling con- 
nection. The tool holder 34 mounts a drill bit 37 for 
drilling a hole through the work piece, as desired. 

The extreme outer end of the pressure foot 
bush 32 is equipped with a pressure responsive 
sensor, indicated at 40, for signaling the robot 
when the foot bush has touched the skin surface of 
the opposing work piece preliminary to initiation of 
the drilling operation. It also will be noted that the 
end effector 28 is coupled to the interface plate 30 
over flexible bellows which prevent the entry of 
dust, chips and the like impurities and that preload- 
ed springs 42 extend between the body of the 
effector 28 and the interface plate 30 to normally 
separate such members in the unloaded or free 
position of the end effector. Appropriate guide rods 
and sleeves 43 serve to slidably interconnect end 
effector 28 with the interface plate 30 for relative 



coaxially movement thereof. Microswitches 44 are 
provided on the interface plate to engage the adja- 
cent surface of the effector 28 when the springs 42 
are fully compressed in operation to signal the 
5 robot that the effector 28 is ready for the drilling 
operation (see Figure 3). 

In addition to the features noted above, the 
drilling end effector is equipped with vacuum or 
pressurized air means for cleaning and removing 

to chips from the drilled holes, spray means for ap- 
plying lubricant to the drill bit, and gauge means 
for measuring the diameter of the drilled hole (none 
of which features are shown herein). 

During the normal operating cycle, the robot 

75 R1 finds the location in which a hole is to be made 
through the work piece or components and posi- 
tions its head 23 for advancement coaxially of the 
hole location. The robot advances toward the work 
pieces until the pressure sensor 40 at the tip end 

20 of the pressure foot bush just touches the outer 
skin or surface of the work piece, at which point 
advancement of the robot along its Z axis is halted. 
In this condition, the pressure foot bush 32 is 
against the outer skin of the work piece and the 

25 springs 42 between the end effector and the face 
plate are still in an extended or uncompressed 
condition. Robot R1 then advances slowly com- 
pressing the springs 42 until the microswitches 44 
are energized, signaling the robot to stop its advan- 

30 cing movement and hold that position. Robot 1 
thereafter holds in this position awaiting the posi- 
tioning and cooperation of robot R2 as will appear 
presently. It is to be noted that in the condition 
illustrated in Figure 3, the outer end of the pressure 

35 foot bush 32 of the end effector 28 is pressed 
lightly against the work piece and applies slight 
pressure thereto as effected by the compression of 
the spring members 42. 

40 Clamp-Up and Deburring End Effector 

Turning now to Figure 9 of the drawings, the 
features of the end effector which cooperates with 
the drilling end effector 28, above described, dur- 

45 ing the hole formation and preparation operations is 
indicated generally by numeral 50. In this particular 
instance, unit 50 performs the "clamp-up" function 
for clamping the work pieces firmly together during 
the hole drilling and preparation operations as well 

so as a deburring function. 

As with the drilling end effector 28, the clamp- 
up and deburring end effector 50 is secured to the 
twist head 23 of robot R2 via an interface plate 51 
attached to the twist head 23. Base pins and 

55 guides sleeves 52, 52 extend between the face 
plate 51 and the body of the effector 50 to connect 
and guide the effector coaxially of the interface 
plate and independently of axial movement of the 
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robot R2. Dust bellows 53 extend between the 
body of the end effector 50 and the interface plate 
to prevent the entry of foreign materials there- 
between. Hydraulic or pneumatic pistons and cyl- 
inder means 54, 54 are provided internally of the 
effector body; the same having connection with 
suitable air or hydraulic power connections fur- 
nished by the robotic head 23. The outer or tip end 
of the effector 50 is equipped with a cylindrical 
pressure foot bush 55 for applying pressure to the 
work pieces in an area surrounding the hole to be 
formed therethrough in response to actuation of the 
piston and cylinders 54, 54. The very outermost tip 
end of the pressure foot bush is fitted with a 
pressure sensor 55a for signaling the robot when 
the skin or surface of the work piece confronted by 
the end effector 50 is engaged. 

Mounted coaxially of the pressure foot bush 55 
and within body of effector 50 is a deburring unit 
comprising a pneumatic actuator 56 mounted for 
axial movement in response to actuation of addi- 
tional pneumatic or hydraulic piston and cylinder 
means 57 located at the rearward end of actuator 
56. Actuator 56 is operable to rotatably drive a 
deburring tool 58 mounted in a quill chuck thereof. 
To facilitate the axial reciprocating movement of 
the deburring motor 56, a guide sleeve 59 is pro- 
vided concentrically thereabout to support the 
same and provide sealed connection with the pis- 
ton and cylinder actuator means 57. 

In cooperation with the drilling end effector 28 
above described, robot R2 is operatively disposed 
in coaxial relationship with the Z axis of robot R1 
but on the opposite side of the work pieces foot 
bush 55 thereof is then brought into pressure bear- 
ing relationship with the work pieces to apply a 
preselected and pre-programmed clamping pres- 
sure thereto before initiation of the drilling and 
deburring cycle by programmed actuation of the 
spindle 31 of R1 and piston and cylinder means 54 
of R2. 

Hole Preparation 

In order to understand the utilization and opera- 
tion of the two described end effectors 28 and 50 
of Figures 3 and 9, respectively, reference will now 
be had to Figures 3-12 of the drawings which 
illustrate the sequence of operations involved in the 
functions of clamp-up, drilling and deburring for a 
typical hole preparation cycle. 

In response to commands from the host com- 
puter the following sequence of events occur. 

The TRM computer signals the tool room to 
present the proper tools for pick-up by the two 
robots R1 and R2. In response to the CNC 1 and 2 
computers, the two robots reach their respective 
tool magazines and pick up the correct tooling. 



The TRM computer signals the end effector 
rooms to present the proper end effectors to the 
two robots followed by operation of the robots to 
reach and pick up their respective end effectors. 

5 The robots next position the end effectors in 

coaxial alignment on opposite sides of the work 
pieces at a specified hole location. In this condition 
the outer ends of the end effectors are spaced 
from the skins or surfaces of the opposing work 

70 pieces as indicated in Figure 5 for end effector 28 
and in Figure 10 for end effector 50. 

Clamp-Up 

15 Thereafter, in response to signals from EEC1, 

robot R1 moves its end effector 28 until it stops 
against the skin of the adjacent work piece, in the 
manner illustrated in Figures 5 and 6 of the draw- 
ings. In this condition the pressure sensitive switch 

20 40 at the outer end of the foot bush 32 signals 
robot R1 that it has reached the surface of the work 
piece whereupon the R1 advances slowly along its 
Z axis sufficiently to compress springs 42, as pre- 
viously noted, until microswitches 44 are activated 

25 to haJt further advancing movement of robot R1. 
Robot R1 and its end effector are thereupon locked 
into position as shown in Figure 3. 

Meanwhile, robot R2 has moved its end effec- 
tor 50 to the position illustrated in Figure 10 where 

30 is remains fixed against movement along its Z axis, 
but with the outer end of the foot bush 55 thereof 
disposed at a distance W from the adjacent face of 
the opposing work piece. Distance W is less than 
the stroke of the pneumatic piston and cylinder 

35 actuators 54 associated with end effector 50. At 
this stage the actuators 54 advance the body of 
end effector 50 forwardly the distance W until the 
same engages the skin of the adjacent work piece 
coaxially opposite the foot bush 32 of the drilling 

40 end effector 28 (see Figure 11). Further pro- 
grammed movement if effector 50 applies a pre- 
determined clamping pressure (in the order of 50- 
180 psi) to the work piece about the hole site to 
counteract the force and spring pressure applied 

45 by the foot bush 32 of the stationary drilling end 
effector. 

It is to be noted that the forces applied at 
w clamp-up" in the drilling cycle are of a magnitude 
to tightly clamp the work pieces together prevent- 
so ing the entry of any burrs or shaving therebetween, 
but at the same time limiting the forces against the 
work pieces to avoid deformation or overstressing 
of the material thereof and as well as avoiding the 
imposition of possible deforming thrust forces on 
55 the work pieces which could be transmitted to the 
fixture and to the overall assembly. Thus, in effect, 
the work pieces, fixture and assembly remain in a 
neutral predetermined fixed position during the 
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drilling operation, free of over stressing and de- 
formation forces. 

Hole Drilling 

At this stage, initiation of the drilling activity 
takes place by appropriate signal of CNC 1 to robot 
R1, activating its spindle 31 along the W axis in 
accordance with the pre-programmed RPM and 
feed rate (see Figure 7). This condition is illustrated 
in Figures 4 and 8 of the drawings. If desired, the 
drill bit is formed so that the hole through the work 
pieces is suitably counterbore on one side as 
shown. 

Deburring 

Deburring of the opposite end of the hole is 
effected by rotor R2, as indicated in Figures 11 
and 12 of the drawings, by advancing the deburring 
motor 56 and its deburring tool 59 a pre-pro- 
grammed distance sufficient to remove any burrs 
and shavings from the adjacent edge of the hole 
engaged thereby, to complete the formation and 
preparation of the hole through the two work 
pieces. 

It is to be noted that in respect to the deburring 
operation, the same may be carried out by the 
spindle of robot R2, similar to the drilling operation, 
by using a tool holder, such as 34 illustrated in 
Figure 8, with a deburring tool and a second drill- 
ing end effector 28 in place of the clamp-up and 
deburring end effector 50 illustrated in Figures 9- 
12. 

Finally the two end effectors 28 and 50 are 
withdrawn from opposite sides of the work pieces, 
and the robots are moved to the next hole location 
and/or to the tool selection and tool pick up posi- 
tions if tool change is required. In this latter re- 
spect, if the drill bit is dull or worn, the computer 
program will automatically order a tool change. If 
the hole is to be reamed or cold worked, tool 
change will be required. 

Riveting End Effector 

Turning now to Figure 13 and of the drawings, 
the general features and organization of an end 
effector 60 for inserting and upsetting fasteners is 
illustrated. 

Unit 60 is attachable to the wrist head 23 of 
robot R1 and employs an interface plate 61 which 
is automatically coupled to the end of the robot 
head by an automatic loading system of known 
characteristics. Guide sleeves extend from the in- 
terface plate to guide the body of unit 60 during 
axial clamp-up movement of unit 60 relative to 
plate 61. A rivet feed shuttle 63 having a supply 



tube 64 communicating with a supply a rivets 
serves to feed rivets 65 or similar fasteners to the 
interior of a pressure foot bush 66 which is 
equipped with a pressure sensor means 67 at its 
5 outer tip end. 

An electric drive motor 68 is positioned on one 
side of the unit 60 and is equipped with a dynamic 
brake system 69 for quickly stopping the motor 68. 
The motor 68 drives a gear train 70 which rotatably 
/o drives a screw means 71 having an associated 
follower nut 72 affixed to the body of unit 60 so 
that upon energization of motor 68 the follower nut 
72 is advanced along the screw 71 to axially move 
the end effector unit 60 along guides 62. 

75 Internally unit 60 carries actuator 73 capable of 

driving an impact tool 74. Tool 74 normally en- 
gages the heads of rivets fed in advance thereof 
(see Figure 13) in response to axial movement of 
activator 73 produced by actuation of the hydraulic 

20 or pneumatic piston and cylinder system 75 asso- 
ciated therewith. 

In normal operation the robot R1 advances the 
riveting end effector 60 to a position substantially 
as indicated in Figure 13 whereat the pressure foot 

25 bush 66 thereof lies is coaxial alignment with a 
hole 77 previously drilled through the two work 
pieces 78 and 79. In this condition the tip end of 
the pressure foot bush 66 is spaced a distance W1 
from the skin or face of the opposing work piece 

30 78. Energization of the motor 68 serves to advance 
the body of end effector 60 toward the work pieces 
until the pressure sensor 67 at the outer end of the 
foot bush contacts the skin of the work piece 78. 
Sensor 67 signals the motor 68 to stop accom- 

35 panied by energization by the dynamic brake 69. 
This condition is shown in Figure 14 of the draw- 
ings. 

Bucking End Effector 

40 

Turning to Figures 15 and 16 of the drawings, 
the features of a bucking unit for use in the rivet 
installation procedures is illustrated as comprising 
end effector 80 coupled to an interface plate 81 

45 having connection with robot R2 in a manner as 
noted heretofore. The end effector unit 80 com- 
prises plural guide pins and sleeves 82 for guiding 
the body of unit 80 a distance W2 relative to the 
interlace plate 81 during the normal clamp-up op- 

50 eration, as will appear hereinafter. The outer or tip 
end of the end effector 80 is constructed to provide 
a cylindrical foot bush 83 for applying clamping 
pressure to the work pieces 78 and 79 in opposi- 
tion to the pre-positioned stationary riveting end 

55 effector unit 60. The tip end of the foot bush 83 is 
equipped with pressure sensitive switch or sensor 
means 84 which functions upon contact with the 
skin or surface of the work piece 79 to signal the 
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computer control of robot R2 that surface engage- 
ment has been achieved by the end effector pres- 
sure foot bush 83. 

Advancing movement of the end effector 80 
distance W2 to bring the pressure foot bush 83 into 
contact with the work piece 79 is effected by 
computerized control activation of the hydraulic or 
pneumatic piston and cylinder means 85, similar to 
the corresponding operation of the deburring end 
effector unit 50 of Figures 9-12. When the pressure 
sensitive switch of sensor 84 is activated upon 
engagement with the surface of work piece 79, 
predetermined high pressure is applied to the ac- 
tuating piston and cylinders 85 to press the foot 
bush 83 against the work piece 79 in opposition to 
the end effector unit 60 as shown in Figure 16 of 
the drawings. This application of increased pres- 
sure serves to tightly clamp the work pieces to- 
gether and is of course regulated and predeter- 
mined in accordance with the computer program 
designated for the work parts involved. In the op- 
posed axially aligned condition of the two robots 
and their respective end effectors, as illustrated in 
Figure 16, the rivet installation and upsetting oper- 
ations may be carried out. 

tn order to achieve rivet upset, the bucking end 
effector unit 80 of Figure 15 is equipped with an 
internally disposed activator 87 adapted to be 
moved coaxially of the pressure foot bush 83 by 
means of additional piston and cylinder actuators 
88. Unit 87 carries a bucking bar 89 capable of 
being moved into coaxial alignment and engage- 
ment with the outer end of a rivet disposed in the 
previously drilled hole 77 by the riveting end effec- 
tor 60 as will be described in greater detail pres- 
ently. 

It will be appreciated that the illustrations set 
forth in Fig. 15 and 16 basically depicts the 
"clamp-up" movement of the bucking end effector 
80 in conjunction with the previously described 
riveting end effector 60 which is stationary posi- 
tioned on the opposite side of the work compo- 
nents 78 and 79, as illustrated in Figure 14 of the 
drawings. 

Before leaving the description of the end effec- 
tor 80 it is to be noted that in the event the 
fastening device supplied by the riveting end effec- 
tor unit 60 (more specifically by the rivet feed unit 
63 thereof) requires a nut or collar fastening con- 
nection as in the case of a Hl-lock nut unit, the 
bucking end effector unit 80 is also equipped with 
a conventional rivet feed unit 63 to supply the 
necessary fastening nut. Appropriate modification 
of the actuator 88 and tooling is also required in 
order to effectuate the alternate fastening function. 



Rivet Insertion and Upsetting 

Having accomplished the clamp-up function as 
illustrated in Figure 16, for example, the parts and 
5 robots are in condition for the insertion of fasteners 
such as a solid metal rivet for completion of the 
upsetting and fastening operations. This cycle and 
functional operation is illustrated in Figures 17-28 
of the drawings as will now be described. 
io In response to appropriate signals from the 

host and sub-level computers as previously dis- 
cussed, both robots R1 and R2 pick up their se- 
lected tools and end effectors a 60 and 80 from 
their respective tool magazine. During the pick up 
75 and attachment of the end effectors to the working 
heads 23 of the robots, all the utility connections 
for power, pneumatic, hydraulic supplies and so 
forth are activated for the tooling carried by the end 
effectors. This operational condition is illustrated 
20 schematically in Figure 17 of the drawings. 

Following the pick-up and connection of the 
end effectors to their respective robots, the latter 
are positioned in axiaJ alignment with a selected 
predetermined hole location as shown in Figure 18. 
25 During this stage of the cycle the only task of the 
robots is to orient the end effectors coaxially of a 
hole positions previously drilled during the hole 
preparation cycle. Once located opposite a hole, 
the robots rigidly maintain the tooling in aligned 
30 positions until the automatic riveting cycle is com- 
pleted. When in the hole alignment position in- 
dicated in Figure 18, the end effector 60 is ad- 
vanced until it lightly touches the skin or outer 
surface of the opposing work piece 78, as indicated 
35 in Figure 19. Next robot R2 causes its end effector 
80 to advance until it reaches and touches the face 
of the opposing work piece 79, after which it push- 
ed against the assembly parts counteracting any 
forces exerted on the parts by the end effector 60 
40 and applying sufficient force to tightly clamp the 
parts together in accordance with the predeter- 
mined force component as dictated by the comput- 
erized control of robot R2. This clamp-up" stage is 
illustrated in Figure 20 of the drawings. 
45 As soon as "clamp-up" condition is achieved, a 

rivet 90, having been previously fed to the barrel of 
the foot bush portion of the end effector 60 is fed 
forwardly by operation of actuator 73 and inserted 
through the selected opening by the impact tool 74 
so which is held against the head of the rivet as 
shown in Figure 21. In this latter regard the pres- 
sure exerted against the rivet 90 by the tool 74 
induces only sufficient thrust on the rivet to hole it 
is position. 

55 Next the bucking bar end effector 80 is ac- 

tivated to advance the actuator 87 and associated 
buck bar tool 89 against the opposite end of rivet 
90. The rivet is now ready to be installed. Rivet 
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installation is accomplished by simultaneous activa- 
tion of the actuators 73 and to accordingly upset 
the rivet as indicated in Figures 22 and 23 of the 
drawings. 

After rivet installation has been completed the 
riveting tool and bucking bar units are withdrawn 
from the work pieces and the respective work 
heads or end effectors retracted to their original 
positions for movement to the next hole. During 
this transitional movement of the robots R1 and R2 
to the next hole location, a new rivet 91 is inserted 
into the nose end of the end effector 60 by the 
rivet feed means 63. This operational condition is 
illustrated in Figure 24 of the drawings. A repeat of 
the above described riveting cycle is initiated, set- 
ting the next rivet and so on, hole by hole, until all 
riveting is complete. 

Importantly, it is to be noted that the particular 
rivet or fastener fed to the riveting end effector is 
determined by the selection process of the rivet 
magazine RFS1 under auspices and control of its 
sub-level computer RFC1. In the event that the 
fastening device of the type requiring a collar or a 
nut, for example, RFS2 operates with a bucking bar 
unit equipped with a rivet feed means 63 as here- 
tofore mentioned, to supply the necessary fasting 
part to the bucking bar end effector for installation 
of the appropriate multiple piece fastening unit. In 
those instances where a change in the type of 
fastener is involved, change in the end effectors is 
necessary. In that event, end effectors carrying the 
necessary tooling are automatically positioned for 
pick-up by the robots after deposit of the pre- 
viously coupled tooling. 

Be that as it may, the principal steps of install- 
ing a rivet in accordance with the process of this 
invention are schematically set forth in Figures 25- 
30 in which: Figure 25 demonstrates hole selection 
and hole alignment of the robots; Figure 26 dem- 
onstrates the initial engagement of one side of the 
assembled parts by the riveting end effector; Fig- 
ure 27 shows the coaxial engagement on opposite 
sides of the work pieces by both end effectors 
including the clamp-up or application of counteract- 
ing forces and the infeed of a rivet to be inserted; 
Figure 28 demonstrates the insertion of the rivet; 
Figure 29 shows the positioning of the bucking bar 
tooling by the opposing end effector associated 
with the robot R2 for upsetting the rivet to achieve 
riveted connection as illustrated in Figure 30. 

Tacking 

With respect to the hole preparation and rivet- 
ing cycles hereinabove described, particularly as 
such relate to the assembly of relatively large 
structures as occur in the aircraft industry, it is 
often necessary to temporarily hole the parts to- 



gether preparatory to assembly in order to avoid 
any relative movement of parts during hole prep- 
aration and fastening. Any shear movement of ei- 
ther of the parts, particularly after hole preparation 
5 would prevent the robots from relocating the hole 
positions and fitting the rivet into the hole. Thus a 
temporary fastening cycle is usually involved be- 
fore beginning the hole preparation cycle. Subse- 
quently, after the final fastening cycle is completed, 
70 the temporary tacking fasteners are removed and 
replaced by final fasteners. 

ft is to be noted that tacking is carried out by 
the utilization of temporary or throw away fasteners 
which are located in the exact same position as 
is final fasteners. The diameter of the temporary fas- 
tener is always smaller than the diameter of the 
final fastener so that it can be removed without 
leaving any trace of the tacking procedure. Re- 
moval is accomplished by simply performing the 
20 hole preparation cycle in the same position for the 
final fastener after which the final fastener is in- 
stalled as hereinabove described. 

The usual cycle for the temporary fastener 
program is generally as follows. 
25 The various tacking points where the parts are 

to be temporarily fastened are selected and throw 
away fasteners inserted at these points. Generally, 
the temporary tacking fasteners are installed by 
drilling and installation cycles being performed 
30 without clamping release of the parts between the 
two operations. This may be accomplished conve- 
niently by use of blind fasteners in robot R2 and a 
drilling end effector 28 in robot R1 (see Figure 3). 
Following installation of the tacking fasteners, the 
35 final fastener hole preparation cycle is performed 
for the entire assembly, skipping the holes where 
the temporary fasteners are located. After hole 
preparation is completed, as above described, in- 
stallation of the final fasteners is performed, again 
40 skipping the points where the temporary fasteners 
are located. The robots then proceed to re-locate 
the various tacking positions and the drilling and 
hole preparation cycle for the final fastener is car- 
ried out at each such location, removing the tem- 
45 porary fastener. Thereafter the robots change their 
end effectors and return to the hole locations from 
which the temporary fasteners have been removed 
to install the final fasteners or rivets as required per 
Figures 18-24. 

so While the foregoing has been described largely 

in association with its utilization in the aircraft in- 
dustry, the teachings and concepts are equally 
applicable to other areas and industries where fas- 
tening by rivets and like rigid fasteners are in- 

55 volved. 
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Claims 

1. Apparatus for automatically interconnecting 
metal components of an assembly by means 
of selected rivet fasteners, comprising: 5 

a pair of mobile, high speed, 
remotely-controlled, synchronized, automatic 
machining centers or robots (R1, R2) having 
tool heads (23) operable for movement along 
three linear and about at least two rotational 10 
axes whereby said heads (23) are capable of 
selected spacial positioning; 

each robot (Rt, R2) comprising a base 
(20) supported for movement along a horizon- 
tal X-axis, a vertical column (21) supported by 15 
said base and rotatable about a vertical Y-axis, 
a horizontal ram (22) supported on said col- 
umn for movement along the latter's vertical 
axis and along its own horizontal Z-axis, a 
biaxially rotatable head (23) at the outer end of 20 
said ram, and a rotatably driven tool driving 
spindle carried by said head and indepen- 
dently movable relative to said head along a 
linear axis; 

fixture means (F) for rigidly holding com- 25 
ponents (25) to be assembled in stationary 
position between said robots (R1 , R2) whereby 
the heads (23) of the latter are movable to any 
selected location on opposite sides of said 
components (25); 30 

clamping means (26, 28, 50, 60. 80) car- 
ried by said tool heads (23) for clamping said 
components (25) together with predetermined 
force selected to control and neutralize stress 
forces on said fixture means (F) and compo- 35 
nents (25); said clamping means being selec- 
tively activated at predetermined locations on 
said components (25) where holes are to be 
formed and fasteners installed therein; 

tool means (32, 33) selectively attachable 40 
and driven by said tool heads (23) for forming 
and preparing fastener holes through said 
components at said locations; 

means (63) for supplying at least one of 
said robots (R1. R2) with selected fasteners; 45 

additional tool means (60, 80) selectively 
attachable to and driven by said tool heads 
(23) for receiving and installing said fasteners 
in said holes, and 

computer means for controlling and man- 50 
aging coordinated operation of said robots (R1 , 
R2) in accordance with a predetermined pro- 
gram and assembly geometry whereby to 
cause the heads (23) thereof to move over 
opposite sides of said components and carry 55 
out hole preparation and installation of said 
fasteners. 



2. Apparatus according to claim 1. characterized 
in that said computer means controls said ro- 
bots (R1.R2) to work in mirror relationship on 
opposite sides of said components to form a 
series of holes at said predetermined locations 
followed by subsequent repositioning of said 
tool heads (23) opposite each of said formed 
holes for installation of said fasteners thereat. 

3. Apparatus according to claim 1, characterized 
in that said clamping means (28,50,60,80) are 
provided by opposingly aligned end effectors 
(28,50; 60,80) mounted on the tool heads (23) 
of said pair of robots (R1,R2), each end effec- 
tor (28,50; 60,80) comprising foot-bush means 
(32,55;66,83) for engaging one face or side of 
an adjacent component to be assembled, and 
sensing means (40,55a; 67,84) carried by each 
said foot-bush means for sensing engagement 
of each foot-bush means with said components 
(25) whereby to determine the application of 
clamping forces thereon. 

4. Apparatus according to claim 1, characterized 
in that said computer means, comprises a host 
computer controlling a plurality of sub-comput- 
ers in direct command of said robots (R1.R2), 
said fixture means (F), said means (63) for 
suppplying fasteners, said clamping means 
(28.50,60,80), said tool heads (23) and said 
tool means (32,33). 

5. Apparatus according to claim 1, characterized 
in that said computer means comprises a host 
computer controlling a plurality of sub-comput- 
ers in direct command of said robots (R1.R2), 
said fixture means (F) and said means (63) 
supplying fasteners. 

6. Apparatus according to claim 1, characterized 
by probe means operatively carried by said 
robots (R1,R2) for verifying the computer pro- 
grammed position of said fixture (F) and said 
components. 

7. Apparatus according to claim 1, characterized 
in that each robot (R1.R2) comprises a base 
(20) supported for movement along a horizon- 
tal X-axis, a vertical column (21) supported by 
said base and rotatable about a vertical Y-axis, 
a horizontal ram (22) supported on said col- 
umn for movement along the latter's vertical 
axis and along its own horizontal Z-axis, a 
biaxially rotatable head (23) at the outer end of 
said ram, and a rotatably driven tool driving 
spindle (31) carried by said head and indepen- 
dently movable relative to said head along a 
linear axis. 
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formed rivet hole; 

(m) actuating said rivet setting tools to in- 
sert and upset said rivet in said previously 
formed rivet hole; and 
5 (n) unctamping said end effector means 

(60,80) and successively repositioning said 
robots in coaxial alignment with each of the 
previously formed rivet holes and repeating 
steps (k) through (n) thereat until a rivet is 
io installed in each of the previously formed 

holes. 



8. Apparatus according to claim 7, characterized 
by fixture means (F) for rigidly holding compo- 
nents (25) to be assembled in stationary posi- 
tion between said robots (R1,R2), the heads 
(23) of said robots being movable along said 
X,Y,Z axes and about said rotatable axes for 
positioning the same at any location on op- 
posite sides of said components . 

9. A method of riveting assembly components by 
means of an apparatus according to any pre- 
ceding claim comprising the steps of: 

(a) holding the assembly components (25) 
to be riveted in predetermined fixed posi- 
tions of interfaciai engagement; 75 

(b) mounting hole-forming tools (33) and 
work-engageable end effector means (28) 
on the tool head (23) of a first robot (R1); 

(c) mounting work-engageable end effector 
means (50) on the tool head (23) of a sec- 20 
ond robot (R2); 

(d) positioning said first and second robots 
(R1.R2) on opposite sides of the held com- 
ponents and in coaxial alignment with a 
predetermined hole location thereof; 25 

(e) actuating said end effector means 
(28,50) on said first and second robots 
(R1,R2) to engage and tightly clamp said 
components therebetween; 

(f) controlling the clamping forces applied to 30 
said components to avoid stress and unbal- 
anced thrust forces thereon; 

(g) actuating said hole-forming tools (33) to 
form a rivet hole through said components 

at said hole location; 35 
h) unclamping said end effectors (28,50) 
and positioning said robots (R1.R2) in co- 
axial alignment with another hole location, 
and performing steps (d) through (g) thereat 
and repeating this step until all the rivet 40 
holes are formed through said components; 
(i) replacing the end effector means (28,50) 
and hole-forming tools (33) on the heads 
(23) of said robots (R1 ,R2) with end effector 
means (60,80) comprising rivet setting tools, 45 
work-engageable means and means (63) for 
feeding rivets to the rivet setting tools; 
(j) repositioning said robots (R1.R2) on op- 
posite sides of said components and in co- 
axial alignment with a previously formed 50 
rivet hole; 

(k) actuating said robots (R1.R2) and end 
effector means (60,80) to clamp said com- 
ponents tightly therebetween with regulated 
clamping force to avoid stress and unbal- 55 
anced thrust forces thereon; 
(I) actuating said rivet feed means to posi- 
tion a rivet for insertion into said previously 



10. The method of claim 9, wherein said end ef- 
fector means (50,80) mounted on the tool head 
(23) of said second robot (R2) according to 
step (c) comprises hole deburring tools, and 
actuating said deburring tools after completion 
of step (g). 

Patentanspriiche 

1. Vorrichtung zum automatischen Verbinden von 
Metallteilen einer Anordnung mittels ausge- 
wahlter Verbindungsnieten, umfassend: 
ein Paar beweglicher, schnellaufender, fernge- 
steuerter, synchronisierter, automatischer Bear- 
beitungszentren Oder Roboter (R1, R2) mit 
Werkzeugkopfen (23), die auf drei linearen 
Achsen und mindestens etwa zwei Drehachsen 
in Bewegung gesetzt werden konnen, so daB 
die Kopfe (23) zu einer ausgewahlten raum li- 
chen Positionierung in der Lage sind; 
wobei jeder Roboter (R1, R2) einen Sockel 
(20) umfaBt, der so gelagert ist, daO er sich 
entlang einer horizontalen X-Achse bewegen 
kann, einen vertikalen Stander (21), der auf 
dem Sockel gelagert ist und um eine vertikale 
Y-Achse drehbar ist, einen horizontalen Schlit- 
ten (22), der so auf dem Stander gelagert ist, 
daB er sich langs dessen vertikaler Achse und 
langs seiner eigenen horizontalen Z-Achse be- 
wegen kann, einen auf zwei Achsen drehbaren 
Kopf (23) am auBeren Ende des Schlittens, 
und eine in Drehung versetzle Werkzeugbetati- 
gungsspindel, die auf dem Kopf gelagert ist 
und langs einer linearen Achse unabhangig in 
bezug auf den Kopf bewegbar ist; 
eine Spannvorrichtung (F), die die zusammen- 
zubauenden Bauteile (25) starr in einer testste- 
henden Position zwischen den Robotem (R1, 
R2) halt, so daB die Kopfe (23) der letzteren 
an jeden gewahlten Punkt auf gegenuberlie- 
genden Seiten der Bauteile (25) bewegt wer- 
den konnen; 

eine Klemmeinrichtung (26, 28, 50, 60, 80), die 
auf den Werkzeugkopfen (23) angeordnet ist, 
um die Bauteile (25) mit einer vorbestimmten 
Kraft zusammenzuklemmen, die so gewahlt ist, 
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daB die auf die Spannvorrichtung (F) und die 
Bauteile (25) einwirkenden Spannungskrafte 
etngedammt und neutralisiert werden; wobei 
die Klemmeinrichtung wahtweise an vorbe- 
stimmten Stellen auf den Bauteifen (25) akti- 5 
viert wird, wo Locher auszubtlden und Verbin- 
dungsetemente darin anzubringen sind; 
eine Werkzeugeinrichtung (32, 33), die wahl- 
weise anzubringen ist und von den Werkzeug- 
kopfen (23) betatigt wird, um an den genann- w 
ten Stellen Verbindungslocher in den Bauteiien 
auszubitden und herzustellen; 
eine Einrichtung (63), die mindestens einen 
der Roboter (R1, R2) mil ausgewahlten Verbin- 
dungselementen versorgt; 75 
eine zusatzliche Werkzeugeinrichtung (60, 80), 
die wahtweise an den Werkzeugkopfen (23) 
angebracht und von diesen betatigt werden 
kann, um die Verbindungselemente in den L6- 
chern aufzunehmen und anzubringen; und 20 
eine Computereinrichtung zur Steuerung und 
Handhabung der koordinierten Betatigung der 
Roboter (R1, R2) nach einem vorbestimmten 
Programm und einer vorbestimmten Montage- 
geometrie, so daB die Kopfe (23) sich uber 25 
einander entgegengesetzte Seiten der Bauteile 
bewegen und das Herstellen der Locher und 
das Anbringen der Verbindungselemente be- 
werkstelligen. 

30 

2. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB die Computereinrichtung die Ro- 
boter (Rl, R2) dahingehend steuert, daB sie 
zueinander spiegelbildlich auf gegenuberlie- 
genden Seiten der Bauteile arbeiten, um eine 35 
Reihe von Lochern an den vorbestimmten 
Stellen auszubilden und anschlieBend die 
Werkzeugkopfe (23) gegenuber jedem der 
ausgebildeten Locher zu positionieren, um die 
Verbindungselemente dort anzubringen. 40 

3. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB die Klemmeinrichtungen (28, 50, 
60, 80) durch einander gegenuberliegende 
Endstucke (28, 50; 60. 80) gebildet werden, as 
die auf den Werkzeugkopfen (23) des Paares 

von Robotern (R1 , R2) angebracht sind, wobei 
jedes Endstuck (28, 50; 60, 80) FuBhulsen (32, 
55; 66, 83) umfaflt, die in eine Flache Oder 
Seite eines zu montierenden benachbarten 50 
Bauteils eingreifen, und eine Sensoreinrichtung 
(40, 55a; 67, 84), die auf jeder FuBhulse ange- 
bracht ist, um jede FuBhulse mit den Bauteiien 
(25) in Eingriff zu bringen, um auf diese Weise 
das Einwirken von Klemmkraften festzustellen. 55 

4. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Computereinrichtung einen 



Hostrechner umfaBt, der eine Vielzahl von un- 
tergeordneten Rechnern steuert, die direkt von 
den Robotern (R1, R2), der Spannvorrichtung 
(F), der Einrichtung (63) fur die Zufuhr von 
Verbindungselementen, den Klemmeinrichtun- 
gen (28, 50, 60, 80), den Werkzeugkopfen (23) 
und der Werkzeugeinrichtung (32, 33) ange- 
steuert werden. 

5. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB die Computereinrichtung einen 
Hostrechner umfaBt. der eine Vielzahl von un- 
tergeordneten Rechnern steuert, die von den 
Robotern (R1, R2), der Spannvorrichtung (F) 
und der Einrichtung (63) fur die Zufuhr von 
Verbindungselementen angesteuert werden. 

6. Vorrichtung nach Anspruch 1, gekennzeichnet 
durch eine Sondeneinrichtung, die funktional 
auf den Robotern (R1, R2) angebracht ist, um 
die computerprogrammierte Position der 
Spannvorrichtung (F) und der Bauteile zu uber- 
prufen. 

7. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB jeder Roboter (R1, R2) einen 
Sockel (20) umfaBt, der so gelagert ist, daB er 
sich entlang einer horizontalen X-Achse bewe- 
gen kann, einen vertikalen Stander (21), der 
auf dem Sockel gelagert ist und um eine verti- 
kale Y-Achse drehbar ist, einen horizontalen 
Schlitten (22), der so auf dem Stander gelagert 
ist, daB er sich entlang dessen vertikaler Achse 
und entlang seiner eigenen horizontalen Z- 
Achse bewegen kann, einen auf zwei Achsen 
drehbaren Kopf (23) am auBeren Ende des 
Schlittens, und eine in Drehung versetzte 
Werkzeugbetatigungsspindel (31), die auf dem 
Kopf angeordnet ist und entlang einer linearen 
Achse unabhangig in bezug auf den Kopf be- 
wegbar ist. 

8. Vorrichtung nach Anspruch 7, gekennzeichnet 
durch eine Spannvorrichtung (F), die die zu 
montierenden Bauteile (25) Starr in einer fest- 
stehenden Position zwischen den Robotern 
(R1, R2) halt, wobei die Kopfe (23) der Robo- 
ter entlang der X-, Y- und Z-Achse und um die 
Drehachsen bewegbar sind. um an jeder Stelle 
auf gegenuberltegenden Seiten der Bauteile 
positioniert werden zu konnen. 

9. Verfahren zum Zusammennieten von Bauteiien 
mittels einer Vorrichtung nach einem der vor- 
hergehenden Anspruche, umfassend die fol- 
genden Schritte: 

(a) Halten der zu vernietenden Bauteile (25) 
Flache an Flache in vorbestimmten festen 
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Positionen; 

(b) Anbringen von Bohrwerkzeugen (33) und 
mit dem Werkstuck in Eingriff bringbaren 
Endstucken (28) auf dem Werkzeugkopf 
(23) eines ersten Roboters (R1); 5 

(c) Anbringen von mit dem Werkstuck in 
Eingriff bringbaren Endstucken (50) auf dem 
Werkzeugkopf (23) eines zweiten Roboters 
<R2); 

(d) Positionieren des ersten und des zwei- io 
ten Roboters (Rt , R2) auf gegenuberliegen- 

den Seiten der eingespannten Bauteile und 
tn koaxialer Ausrichtung mit einer vorbe- 
stimmten Bohrung darin; 

(e) Betatigen der Endstucke (28, 50) auf /5 
dem ersten und dem zweiten Roboter (R1, 

R2), damit diese mit den Bauteilen in Ein- 
griff kommen und diese zwischen sich ein- 
spannen; 

(f) Steuern der auf die Bauteile einwirken- 20 
den Klemmkrafte, um Spannungen und dar- 

auf einwirkende einseitige Schubkrafte zu 
vermeiden; 

(g) Betatigen der Bohrwerkzeuge (33), um 

an der Stefie der Bohrung in den Bauteilen 25 
ein Nietloch auszubilden; 

(h) Losen der Endstucke (28, 50) und Posi- 
tionieren der Roboter (R1, R2) in koaxialer 
Ausrichtung mit einer anderen Bohrung, so- 

wie Durchfuhren der Schritte (d) bis (g) und 30 
Wiederholen dieser Schritte, bis alle Nietlo- 
cher in den Bauteilen ausgebildet sind; 

(i) Auswechseln der Endstucke (28, 50) und 
der Bohrwerkzeuge (33) auf den Kopfen 

(23) der Roboter (R1, R2) durch Endstucke 35 
(60, 80), die Werkzeuge zum Setzen der 
Nieten, mit dem Werkstuck in Eingriff bring- 
bare Einrichtungen und eine Einrichtung 
(63) zum Zufuhren der Nieten zu den Werk- 
zeugen zum Setzen der Nieten umfassen; 40 
(j) erneutes Positionieren der Roboter (R1, 
R2) auf gegenuberliegenden Seiten der 
Bauteile und in koaxialer Ausrichtung mit 
einem zuvor ausgebildeten Nietloch; 
(k) Betatigen der Roboter (R1, R2) und der 45 
Endstucke (60, 80), um die Bauteile mit 
einer regulierten Klemmkraft, bei der Span- 
nungen und einseitige Schubkrafte vermie- 
den werden, test dazwischen einzuspannen; 
(I) Betatigen der Einrichtung zum Zufuhren 50 
der Nieten, um einen Niet so zu positionie- 
ren, daB er in das zuvor ausgebildete Niet- 
loch eingesetzt werden kann; 
(m) Betatigen der Werkzeuge zum Setzen 
von Nieten, um den Niet in das zuvor aus- 55 
gebildete Nietloch einzusetzen und darin zu 
stauchen; und 



(n) Losen der Endstucke (60, 80) und an- 
schlieSendes Neupositionieren der Roboter 
in koaxialer Ausrichtung mit jedem der zu- 
vor ausgebildeten Ntetlocher und Wiederho- 
len der Schritte (k) bis (n), bis ein Niet in 
jedem der zuvor ausgebildeten Locher an- 
gebracht ist. 

10. Verfahren nach Anspruch 9, bei dem die End- 
stucke (50, 80), die auf dem Werkzeugkopf 
(23) des zweiten Roboters (R2) nach Schritt (c) 
montiert sind, Lochentgratungswerkzeuge um- 
fassen, und bei dem die Entgratungswerkzeu- 
ge im AnschluB an Schritt (g) betatigt werden. 

Revendications 

1. Appareil de raccordement automatique d'efe- 
ments metalliques d'un ensemble a Taide d'or- 
ganes choisis de fixation a rivets, comprenant : 

une paire de robots ou centres d'usinage 
automatique synchronises, commandes a dis- 
tance et mobiles a grande vitesse (R1, R2), 
ayant des tetes (23) de support d'outil desti- 
nees a se de placer le long de trois axes de 
deplacement recti ligne et autour d'au motns 
deux axes de rotation, si bien que les tetes 
(23) peuvent assurer un positionnement choisi 
dans Pespace, 

chaque robot (R1, R2) comprenant une 
base (20) supportee afin qu'elle se deplace le 
long d'un axe horizontal X, une colonne verti- 
cal (21) supportee par la base et capable de 
tourner autour d'un axe vertical Y, un verin 
horizontal (22) supporte sur la colonne afin 
qu'it se deplace le long de I'axe vertical de 
celle-ci et le long de son propre axe horizontal 
Z, une tete (23) qui peut tourner biaxialement 
a r autre extremite du verin, et une broche 
d'entralhement d'outil qui est entrance en ro- 
tation et qui est portee par la tete et mobile 
independamment par rapport a la tete le long 
d'un axe de deplacement rectiligne, 

un dispositif (F) a organe de montage des- 
tine a maintenir rigidement les elements (25) a 
assembler en position fixe entre les robots (R1, 
R2) de maniere que les tetes (23) des robots 
soient mobiles vers une position choisie quel- 
conque de part et d'autre des elements (25), 

un dispositif de serrage (26, 28, 50, 60, 80) 
porte par les t§tes (23) et destine a serrer les 
elements (25) les uns contre les autres avec 
une force predeterminee choisie pour le regla- 
ge et la neutralisation des forces dues aux 
contraintes appliquees au dispositif (F) a orga- 
ne de fixation et aux elements (25), le dispositif 
de serrage etant active selectivement a des 
emplacements predetermines sur les elements 
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(25) auxquels doivent etre formes des Irous et 
doivent etre installes des organes de fixation, 

un dispositif (32, 33) a outil qui peut etre 
fixe selectivement et deplace par les tetes (23) 
pour la formation et la preparation de trous de 5 
passage d'organes de fixation dans les ele- 
ments auxdits emplacements, 

un dispositif (63) destine a transmettre des 
organes choisis de fixation a Tun au moins des 
robots (Rl, R2), w 

un dispositif supplemental a outil (60, 
80) destine a §tre fixe selectivement aux tetes 
(23) et a etre entraTne par celles-ci afin qu'if 
recoive et installe les organes de fixation dans 
les trous, et ;s 

un dispositif a ordinateur destine a com- 
mander et gerer te fonctionnement coordonne 
des robots (R1, R2) d'apres un programme 
predetermine et une geometrie d'assemblage, 
de maniere que les t§tes (23) des robots se 20 
deplacent au-dessus des cotes opposes des 
elements et effectuent la preparation des trous 
et Installation des organes de fixation. 

2. Appareil selon la revendication 1, caracterise 25 
en ce que le dispositif a ordinateur commande 

les robots (R1, R2) afin qu'ils travaillent sous 
forme symetrique sur les cotes opposes des 
elements pour la formation d'une serie de 
trous a des emplacements predetermines, 30 
Toperation etant suivie d'un changement de 
position des tetes (23) en face de chacun des 
trous formes pour ('installation des organes de 
fixation dans ces trous. 

35 

3. Appareil selon la revendication 1, caracterise 
en ce que le dispositif de serrage (28, 50, 60, 
80) est forme par des organes opposes et 
alignes de manoeuvre d'extremite (28, 50 ; 60, 

80) montes sur les tetes (23) des deux robots aq 
(R1, R2), chaque organe de manoeuvre d'ex- 
tremite (28, 50 ; 60, 80) comprenant un dispo- 
sitif a manchon de pied (32, 55 ; 66, 83) 
destine a cooperer avec une surface ou un 
cote d'un element adjacent a assembler, et un 45 
dispositif capteur (40, 55a ; 67, 84) porte par 
chaque dispositif a manchon de pied et desti- 
ne a detecter le contact de chaque dispositif a 
manchon de pied avec Jesdits elements (25) 
afin que ('application de forces de serrage a 50 
ces elements soit determined . 

4. Appareil selon la revendication 1, caracterise" 
en ce que le dispositif a ordinateur comporte 

un ordinateur note qui commande plusieurs 55 
ordinateurs auxiliaires qui commandent eux- 
memes directement les robots (R1, R2), le 
dispositif (F) a organe de montage, le dispositif 



(63) de transmission des organes de fixation, 
le dispositif de serrage (28, 50, 60, 80), les 
t§tes (23) de support d'outil et les dispositif s a 
outil (32, 33). 

5. Appareil selon la revendication 1, caracterise 
en ce que le dispositif a ordinateur comporte 
un ordinateur note qui commande plusieurs 
ordinateurs auxiliaires qui commandent direc- 
tement les robots (R1, R2), le dispositif (F) a 
organe de montage et le dispositif (63) de 
transmission des organes de fixation. 

6. Appareil seton la revendication 1, caracterise 
par un dispositif a sonde supporte par les 
robots (R1, R2) pendant le fonctionnement et 
destine a verifier la position de Torgane (F) de 
fixation et des elements telle qu'elle est pro- 
grammed par I'ordinateur. 

7. Appareil selon la revendication t, caracterise 
en ce que chaque robot (R1, R2) comporte 
une base (20) supportee afin qu'elle se depla- 
ce suivant un axe horizontal X, une colonne 
verticale (21) supportee par la base et destinee 
a tourner autour d'un axe vertical Y, un veVin 
horizontal (22) supporte par la colonne afin 
qu'il se deplace le long de I'axe vertical de 
celle-ci et le long de son axe horizontal Z, une 
tete (23) a rotation biaxiale placee a I'extremite 
externe du verin, et une broche (31) d'entraT- 
nement d'outil, entraTnee en rotation, portee 
par la t§te et mobile independamment par rap- 
port a la tete le long d'un axe de deplacement 
rectiligne. 

8. Appareil selon la revendication 7, caracterise 
par un dispositif (F) a organe de fixation desti- 
ne a maintenir rigidement les elements (25) a 
assembler en position fixe entre les robots (R1, 
R2), les tetes (23) des robots etant mobiles le 
long des axes X, Y, Z et autour des axes de 
rotation pour leur positionnement a un empla- 
cement quelconque de part et d'autre desdits 
elements. 

9. Precede d'assemblage par rivetage d'elements 
a I'aide d'un appareil selon Tune quelconque 
des revendications precedentes, comprenant 
les etapes suivantes : 

(a) le maintien des elements (25) de Tas- 
semblage qui doivent etre rivetes en posi- 
tion fixe pr£determinee a des interfaces de 
contact, 

(b) le montage d'outils (33) de formation de 
trous et de dispositifs (28) a organe de 
manoeuvre d'extremite destines a etre au 
contact de la piece, sur la tete (23) de 
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support d'outil d'un premier robot (R1), 

(c) le montage d'un dispositif (50) de ma- 
noeuvre d'extremite destine a cooperer 
avec une piece sur la tete (23) de support 
d'outil d'un second robot (R2), 

(d) le positionnement du premier et du se- 
cond robot (R1, R2) de part et d'autre des 
elements retenus et coaxialement dans I'ali- 
gnement de Templacement predetermine 
d'un trou, 

(e) la manoeuvre des dispositif s (28, 50) de 
manoeuvre d'extremite du premier et du 
second robot (R1, R2) afin que les elements 
soient en contact et soient fermement ser- 
res entre eux, 

(f) le reglage des forces de serrage appli- 
quees aux elements afin que des contrain- 
tes et forces desequilibrees de poussee 
soient evitees, 

(g) la manoeuvre des outils (33) de forma- 
tion de trous pour la formation d'un trou de 
passage de rivet dans les elements a I'em- 
placement du trou, 

(h) le desserrage des organes de manoeu- 
vre d'extremite (28, 50) et le positionnement 
des robots (R1, R2) dans I'alignement 
coaxial d'un autre emplacement de trou, et 
Pexecution des etapes (d) a (g) a cet em- 
placement, puis la repetition de cette 6tape 
jusqu'a ce que tous les trous de rivet aient 
ete formes dans lesdits elements, 

(i) le remplacement des dispositifs (28, 50) 
a organes de manoeuvre d'extremite et des 
outils (33) de formation de trous sur les 
tetes (23) des robots <R1, R2) par des dis- 
positifs (60, 80) a organe de manoeuvre 
d'extremite comprenant des outils de mon- 
tage de rivet, par un dispositif de coopera- 
tion avec les pieces et par un dispositif (63) 
d'avance de rivet vers les outils de montage 
de rivet, 

(j) le changemenl de positionnement des 
robots (R1, R2) de part et d'autre desdits 
elements et dans I'alignement coaxial d'un 
trou de rivet forme anterieurement, 
(k) la manoeuvre des robots (R1 , R2) et des 
dispositifs (60, 80) a organe de manoeuvre 
d'extremite pour le serrage desdits ele- 
ments fermement entre eux avec une force 
regulee de serrage de maniere que des 
contraintes et forces desequilibrees de 
poussee soient evitees, 
(I) la manoeuvre du dispositif d'avance de 
rivet afin qu'un rivet soit place en position 
permettant Introduction dans un trou de 
rivet deja forme, 

(m) la manoeuvre des outils de montage de 
rivet afin que le rivet soit introduit et defor- 
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me dans le trou de rivet forme anterieure- 
ment, et 

(n) le desserrage des dispositifs (60, 80) a 
organe de manoeuvre d'extremite et le 
changement successif de position des ro- 
bots dans I'alignement coaxial de chacun 
des trous de rivet formes anterieurement, 
puis la repetition des etapes (k) a (n) au 
niveau de ce trou jusqu'a ce qu'un rivet soit 
installe dans chacun des trous formes ante- 
rieurement. 

10. Proced6 selon la revendication 9, dans tequel 
le dispositif (50, 80) a organe de manoeuvre 
d'extremite monte sur la tete (23) de support 
d'outil du second robot (R2), dans I'etape (c), 
comprend des outils d'ebavurage de trou, et 
ces outils d'ebavurage sont commandes apres 
la fin de I'etape (g). 
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